Proper growth and development of broccoli may be affected by the application of N and B. Accordingly, the objective herein was to verify the effects of N and B application on growth and the nutritional status in the vegetative phase of broccoli. The experimental design was a completely random one in a factorial (4 × 2 +1) scheme, with four doses of B (0.25, 0.50, 1.00, and 2.00 mg dm ), and the check treatment (no B and no N), with four repetitions. The green color index, the accumulation of N and B in the plant aerial part, leaf area, and the aerial part dry matter content were evaluated. The interaction between nitrogen and boron was not important for the green color index, N and B accumulation, leaf area and dry matter production of broccoli in the vegetative phase. However, the isolated effects of nitrogen fertilization and boron doses were beneficial for broccoli development.
INTRODUCTION
Broccoli (Brassica oleracea var. italica) is one of the vegetable species most widely grown and consumed in the world (Pizetta et al., 2005) , highlighted mainly for its nutritional value as a source of various compounds, such as vitamins, minerals, antioxidants (Umar et al., 2013a) , as well as its anticancer properties (Yoldas et al., 2008) .
Among the cultural practices capable of increasing the productivity and the quality of broccolis, the equilibrated application of nutrients, especially N and B (Kojoi et al., 2009) , is one of the most important. Nitrogen, the second most demanded nutrient by the crop, plays important role on the plant vegetative growth. Previous research has *Corresponding author. E-mail: gilmarapereira@agronoma.eng.br. Tel: +55 (16) 3209-2672/3209-7406.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License indicated that nutrients have important effects on broccolis productivity and quality (Belec et al., 2001; Moniruzzaman et al., 2007; Ambrosini et al., 2015) .
Boron, needed by the plants in low quantities, is the most important micronutrient also due to its interaction with N (Campagnol et al., 2009 ). This interaction between N and B may result from non competitive inhibition (Malavolta et al., 1997) . Thus, high doses of N may reduce the absorption of B, leading to physiological disturbances. The B deficiency may be induced by the plant rapid growth promoted by N (Filgueira, 2003) .
Research works with boron in broccoli is restricted to the reproductive phase, since its larger demand and importance since pollen grain germination up to the pollen tube growth reflecting on fecundation and growth of the flowers (Prado, 2008) . During the vegetative phase, B demand is relatively low in comparison with the reproductive one. But little is known about the effects of boron specially when in association with N in excess.
The hypothesis that the plants submitted to the N in excess could reduce the amount of accumulated B without hampering dry matter production since the low demand of that micronutrient during the vegetative phase, and thus, the interaction between N and B is lowly probable as long as B is not deficient.
Having those facts in mind, the objective of this research work was to verify the effects of the application of N and B on the growth and nutritional status of broccoli plants during the vegetative phase of growth.
MATERIALS AND METHODS
The study was carried out under greenhouse conditions at the Jaboticabal, Brazil campus of the Paulista State University (UNESP) from August to October of 2013. Samples of a red dystrophic latosol (Embrapa, 2013) , taken from the 0 to 20 cm top layer, were used to fill the vases. The chemical analysis (based on methodology described in Raij et al. (2001) ) of the soil showed its composition to be of: pH in CaCl2 = 5.5, organic matter (MO) = 8.0 g dm -3 , P resin = 6.0 mg dm -3 , K = 1.4 mmolc dm -3 , Ca = 16 mmolc dm -3 , Mg = 9.0 mmolc dm -3 , B = 0.2 mg dm -3 , Cu = 0.2 mg dm -3 , Fe = 4.0 mg dm -3 , Mn = 4.2 mg dm -3 , Zn = 0.3 mg dm -3 , H + Al = 15 mmolc dm -3 , sum of bases (SB) = 26.4 mmolc dm -3 , cation exchange capacity (CEC) = 41.4 mmolc dm -3 and bases saturation (V) = 63.5%. Boron content of the soil was considered low, according to Raij et al. (1997) (0 to 0.20 mg dm -3 ). Four replications of each treatment were distributed in the greenhouse according to a completely random design in a factorial scheme of 4 × 2 + 1, with four doses of B (0.25, 0.50, 1.00, and 2.00 mg dm -3 ) supplied by borax and two doses of N (200 and 600 mg dm -1 ) supplied by urea. The check treatment included no B and no N. Each experimental unit was formed by a 3 dm 3 vase with one plant.
The doses of 1.0 mg dm -3 of B, supplied by borax, and 200 mg dm -3 of N, supplied by urea, indicated as the adequate ones for broccolis (Malavolta, 1981) were used to determine the treatments of this experiment. To all treatments, 270 mg dm -3 of K (supplied by da Silva et al. 1859
potassium chloride) and 300 mg dm -3 of P (supplied by simple superphosphate) were added, according to Malavolta (1981) .
Three weeks old broccoli plantlets (produced in 200 cell polystyrene trays) of the cultivar 'ramoso-santana' were used. Three plantlets were planted per vase. A week after transplantation, the plantlets were thinned so as to leave only one plant per vase. The plants, during the experimental period, were watered twice a day so as to keep soil moisture at 70% of its maximum retention capacity. The action of insect pests was controlled by the application of the indicated insecticides.
Two months after transplantation, during the vegetative phase, the green color index of the plants in each vase was evaluated, read in a recently developed leaf at its median part at the side of the central nervure with the help of an equipment of the OPTISciences™, model CCM -200 and the leaf area with the help of an area meter model LI -3100™. At that moment, the aerial part of the plant was taken which was submitted to washing in deionized water followed by drying in a forced ventilation oven at 65°C till a constant weight was reached. After that, the plant dry matter content was determined and the material was ground in a Willey mill and the contents of N and B determined according to methods described in Bataglia et al. (1983) . Then by combining the weight of these nutrients and the plant dry matter weight, the accumulation of these nutrients was calculated.
The data were submitted to the analysis of variance by the F test at 5% of probability. When the F value was statistically significant, the N means were compared by the Tukey test at 5% of probability and the B means analyzed by a polynomial regression analysis. The software ASSISTAT, version 7.6 beta was used.
RESULTS AND DISCUSSION
N doses affected only the green color index and the accumulation of N, independently of the application of boron (Table 1) . A similar result was reported by Ambrosini et al. (2015) in broccoli cultivation.
The highest dose of N promoted the largest increment in the green color index, independently of boron dose (Table 1) . A similar response was reported by Dufault (1988) in broccolis plants growing in green house and by Arjona and Greig (1984) in broccolis cultivar Green Comet, with a detected increase in chlorophyll content. Ambrosini et al. (2015) also reported that for the broccoli cultivar BRO 68, nitrogen application stimulated the synthesis of chlorophyll in the leaves, resulting in improved nutritional quality.
This result may be justified by the role played by N in the constitution of the chlorophyll molecule (Malavolta et al., 1997) , since there was a larger accumulation of N in the broccolis plants resulting from the increment in N doses (Table 1 ). Another hypothesis is that the presence of N in the leaves favored the assimilation of CO 2 in the photosynthesis process, promoting an increase in the net photosynthesis rate and consequently an increase in the chlorophyll content of the leaves (Li et al., 2013) .
There was an effect of B doses on the accumulation of N and B in the plant (Table 1 ). The boron doses Means followed by the same capital letter in the column, does not differ from each other by the Tukey test at 5% probability.
NS not significant and **, *significant at 1 and 5% probability by F test. promoted a quadratic increase in the accumulation of foliar N, with a maximum value of 0.11 g per plant when the N dose reached 1.34 mg dm -3 ( Figure 1A ) and also in the accumulation of B, with a maximum value of 0.143 per plant when the dose was of 1.22 mg dm -3 ( Figure 1B ). The absence of interaction between B and N doses during the vegetative phase (Table 1) , may be explained by the relation that exists between these two nutrients only in the reproductive phase due to the demand of B being higher during that phase as determined by the germination of the pollen grain and growth of the pollen tube and also to the fact that N accelerates plant growth thus inducing B deficiency (Shelp et al., 1995) . Since during the vegetative phase flowering does not take place, the amount of B needed by the plant are low so that a deficiency of that nutrient is less likely as well as an interaction with nitrogen.
In relation to the interaction factorial × check treatment, an effect of the interaction for the studied variables was observed (Table 1) . This result may be explained by the importance of the roles played by N and B in the plant life when both nutrients are at deficient levels and plants growing without those nutrients (Malavolta et al., 1997) .
Conclusion
The interaction between nitrogen and boron was not important for the green color index, N and B accumulation, leaf area and dry matter production of broccoli in the vegetative phase. However, the isolated effects of nitrogen fertilization and boron doses were beneficial for broccoli development.
